I. INTRODUCTION
PU Vul was an irregular variable M6.5 III that showed small light variations of m=15-16 in its B light curve before the outburst (Liller & Liller, 1979) . The outburst of PU Vul started in November 1977 and PU Vul gradually brightened after that time (Kuwano, 1979; Honda et al., 1979; Yamashita, 1979) .
In March 1979, its brightness was at m=9.3 and it remained in the state of constant maximum brightness for about 8.5 years except for an abrupt decrease in 1980 and a gradual brightening a year latter. Then its brightness begun to gradually decrease from September 1987 (Yamashita et al., 1982 (Yamashita et al., , 1983 Maitzen et al., 1987) and was about m=12.5 in 2002 (Netopil, 2002) . Since the eruption, PU Vul experienced two eclipse phases; 1980 and 1993 (Yamashita et al., 1982 Iijima, 1989; Belyakina et al., 1989; Kanamitsu, 1991; Nussbaumer & Vogel, 1996) .
At its maximum brightness, PU Vul showed the spectrum of a supergiant of A-or F-type (Yamashita et al., 1982; Yamashita et al., 1983) . From 1987, it began to show a nebular spectrum. Compared with a nova, the brightness of PU Vul increased more slowly toward the maximum and its light curve showed the plateau for a few years. Its spectrum had symbiotic characteristics in the recent years. Hence it was referred as a slow nova-like symbiotic star.
In order to examine the photometric and spectroscopic characteristics of this symbiotic nova, PU Vul, a large amount of data was collected, at visible spectroscopic wavelengths (Yamashita et al., 1982 (Yamashita et al., , 1983 Iijima & Ortolani, 1984; Kenyon, 1986; Iijima, 1989; Kanamitsu et al., 1991; Kanamitsu, 1991; Tomov et al., 1991; Gochermann, 1991; Tamura et al., 1992; Klein et al., 1994; Andrillat & Houziaux, 1994 , in the optical photometry (Nakagiri & Yamashita, 1980; Belyakina et al., 1982 Belyakina et al., , 1984 Belyakina et al., , 1989 Kolotilov, 1989; Kolotilov et al., 1995) , in UV and X-ray wavelengths (Vogel & Nussbaumer, 1992 ; Nussbaumer & Vogel, 1996; Hoard et al., 1996) and in IR wavelengths (Bensammar et al., 1991) .
A binary model was proposed at the first and second eclipsing times (Belyakina et al., 1989; Iijima, 1989; Bensammar et al., 1991; Kanamitsu et al., 1991) . Subsequently, a triple model was proposed based on the radial velocity of the hot white dwarf (Chochol et al., 1997) , which consists of the inner binary of both a white dwarf and a bright M giant with an orbital period of 760-day and the outer object of a cool M giant with that of 4900-day (Chochol et al., 1997) . On the other hand, the cool M giant has a pulsation period of about 217-day, which was determined by photoelectric UBVR observations (Chochol et al., 1997 (Chochol et al., , 1998 .
In this paper, we report the spectrum of PU Vul obtained in April 2004. In the second Section, an observation and data reduction processes are presented. The spectral behavior of PU Vul obtained in April 2004 is reported in the third Section. Gaussian de-convolutions for Hα, He I, [O III] and [Fe VI] are described in the fourth Section. Measured radial velocities for all observed lines are presented in the fifth Section. Finally the origin of observed lines and a geometric structure of PU Vul are discussed.
II. OBSERVATIONS
A spectroscopic observation was carried out by using the echelle spectrograph mounted on 1.8 m telescope at the Bohyunsan Astronomical Observatory. In April 2004, PU Vul had a visual magnitude of about 12 (AAVSO). During the observing term in April 2004, PU Vul was not a main target but rather we wanted to observe on occasions. However, due to bad weather conditions only one spectrum for PU Vul was µm and a 41-groove mm −1 grating were used. Exposure time was 1200 seconds. BOES reaches S/N(signal to noise)=25 for a 11th magnitude star in 30 minutes during the seeing of 2.5" (Kim, 2004) . The obtained resolving power was λ/∆λ = 45000 for the 200µm fiber. The achieved spectrum ranged from λ3700 to λ9000 and its output dispersion was covered from 1.56 to 2.14Å mm −1 . Using Th-Ar and halogen lamps, we calibrated wavelengths and a flat fielding, respectively. The standard data reduction procedures were performed using IRAF tools. The obtained spectrum was normalized to the local continuum.
III. SPECTRAL VARIATIONS
Since 1997 the spectra of PU Vul have not been reported over a long term. On April 9, 2004 there might be some appreciable variations in spectral lines of PU Vul.
Line identification of the spectrum observed in April 2004 was done using line lists of RR Tel (Thackeray & Webster, 1974) , V1016 Cyg (Fitzgerald & Pilavaki, 1974 ; Andrillat et al., 1982) and the revised mutiplet table of elements (Moore, 1958) . The line list was given by Yoo (2005) in a preliminary report of PU Vul.
He I λ 4471 began to show a weak emission in 1987 (Iijima, 1989) and showed a single-peaked strong emission from 1990 (Tomov et al., 1991) to 1994 (Andrillat & Houziaux, 1995) . In April 2004, He I λ 5876 had a complex profile that split into double-peaked components with the strongest redward emission.
He I line was originated in the inner part of the accretion disk with a double-peaked profile. Figure 1 gives the line profile of He I λ 5876. Similarity to the Hα profile was noted.
He II λ 4686 and λ 5412 appeared as a broad emission in around 1990 (Tomov et al., 1991) with a doublepeaked emission (Andrillat & Houziaux, 1995) and ex- hibited as a very broad emission in November 1994, when PU Vul was at the end of the second eclipse (Kolotilov et al., 1995) . This indicates that the size of the region forming He II lines might be comparably larger than expected. The line of He II λ 4686 is shown in Figure 2 .
In April Since the 1979 outburst, the time sequential variations of H I were as follow. The absorption of H I was weakened from April 1979 and disappeared in April 1987 (Yamashita et al., 1982 (Yamashita et al., , 1983 Iijima, 1989) . Thereafter H I changed into the P-Cygni profile and further into various line shapes of single-peaked emissions, double-peaked emissions with wide wings and triple and quadruple-peaked emission lines (Kanamitsu et al., 1991). The emission of Hβ appeared in September of 1983 and the emission of H followed in December 1987 (Tomov et al., 1991) . [O III] lines were enhanced in 1991 and had broad profiles in October 1994 (Kolotilov et al., 1995) . . However, they were gradually weakened thereafter. In April 2004, some of Fe II lines were observed with four emission components rather than a single component(see Figure 6) .
In April 2004, the reason for the intensity being lower than the continuum level in the wide wavelength range of around λ 7055 might be the presence of the trace of the (0,0) band head of γ-system of TiO.
IV. GAUSSIAN FITTING
In Section 3, we described spectral variations of spectral lines of PU Vul in detail. All lines showed hattop line profiles with a few emission components superposed on their flat tops. To find out how the emission components of such line complexes were formed, we de-convolute the observed emission lines with Gaussian functions. Velocity fields of matter in a region originated the emission components is given by
where ω = (v − v 0 )/σ, σ is the standard derivation, v 0 is the velocity at the center of Gaussian function, and A is a normalization factor. Full width at half maximum (FWHM) of the Gaussian function is given by FWHM=2.355 σ (Ikeda & Tamura, 2004) . A program used to de-convolute the observed line into Gaussian functions was written by Dr. J. Chae. The parameters of the Gaussian function are aggregated in Tables 1 and 2 , where λ 0 is the wavelength at the center of the de-convoluted Gaussian function and I is the intensity of the Gaussian function from a local continuum. V r and V D are the radial velocity and Doppler velocity of each Gaussian component.
Each emission profile was de-convoluted into a central broad component (hereafter designated as B) and several narrow components. The latters are numbered according as wavelengths. Table 1 is the de-convoluted result for Hα, He I and He II. The de-convoluted resulting line profile for Hα is shown in Figure 11 .
The velocity at the center of the broad B component is about 4 km s −1 close to the systemic velocity of about 6 km s −1 (see Figure 19 in Belyakina et al. 1989) . The expanding velocity of matter that formed the B component was approximately a few hundred km s −1 . The emission component of H I first appeared in 1989, disappeared and reappeared after that time (Yamashita et al., 1982 (Yamashita et al., , 1983 Kanamitsu et al., 1991; Tamura et al., 1992; Klein et al., 1994) . Therefore, the existence of the accretion disk that produced the Balmer line profiles might have happened around the end of the 1980s.
The He II region distant from the hot star might be ionized by a collision between the expanding He II cloud and the interstellar matter, in which then recombination takes place. If the He I line was yielded from the accretion disk, they might be formed in the inner region of the disk. Tables 3  and 4 .
When we measured radial velocities, the center at the height of about 80-90% of line intensities from the continuum was used. However, line-to-line radial velocity differences were conspicuously large.
Somewhat different radial velocities of Balmer line emission components around the line centers between blueward and redward peaks were observed. This means that the velocity field structures of the shell-like regions on the line of sight were somewhat complicated. originated close to the hot white dwarf. Hence it might be the approximate system velocity in April 2004.
VI. DISCUSSION AND CONCLUSION
We introduced the accretion disk and the wind-shock and photoionization models for interpreting the characteristics of each line identified in April 2004.
The wind was attributed to the thermonuclear runaway of the accreted material from the surface of the white dwarf, which was considered to have moved outward symmetrically. PU Vul is known to have experienced the outburst by CN cycle (Iben & Tutukov, 1996) . A few Gaussian density profiles and linear velocity profiles were predicted as a function of the distance from the white dwarf. The linear relationship between line intensities and expansion velocities of Gaussian components might be anticipated for these values in Table 2 . The accretion disk had its own characteristic density and velocity profiles.
Matter transferred to the white dwarf during the periastron passage of the third object is increased (Chochol et al. 2003) . If mass accretion was larger than a critical value, the other intermediate outward wind could be taken placed along the rotational axes of the white dwarf. The head-on collision between the outward wind from the white dwarf and the material distributed in the circumstellar space far from the white dwarf produced a shock front in their respective velocity fields. The redistribution of the circumstellar material as a result of the shock caused it to form some bloblike cloudlets at the peaks of the shells. The resulting density and temperature might be relatively higher, following the above mentioned distribution curves.
H I appeared to show a double-peaked profile with six Gaussian emission components, having originated in the accretion disk which consists of two or more ring structures. The center wavelengths of the broad emission Gaussian components of Hγ and Hδ were almost in agreement with the wavelength λ 0 corresponding the system velocity. However, those of Hα and Hβ were a little asymmetric with respect to λ 0 . In this case, these asymmetric distributions of H I gases around the white dwarf could be considered. However, it is uncertain whether these asymmetries were due to a tidal effect by the third object or due to a highly eccentric orbit motion, where i ≈ 90
• . The double-peaked emission components of He I were also considered to have been formed in the inner region of the disk.
On the other side, Fe II and [Fe II] lines with single emission line components were considered to have originated by means of radiative ionization and recombination processes close to the white dwarf.
Triple (Andrillat & Houziaux, 1995; Kolotilov et al., 1995) . The shell structures might be evolved slowly for such complex line shapes.
[Ar III] and [Fe VII] were observed as a single component during the second eclipse phase of 1993 with intensities smaller than those before the eclipse (Andrillat & Houziaux, 1995) . During the eclipse, the white dwarf was eclipsed by the cool M giant. However, in April All of expanding matter seemed to have symmetric shell structures with symmetric average velocities that were the grouped representatives of emission components of forbidden lines in Table 4 . If the emission lines were superposed on flat-top profile as blends, they would have originated from blob-like cloudlets of the symmetric shell structures, which were observed as line complexes in April 2004.
The circumstellar space might have been continuously filled in the differentiated wind forms due to collisions between interstellar matter and material ejected from the white dwarf. In April 2004, evolutions in line intensities and features might have become noteworthy in terms of their origins. PU Vul seems to have experienced sudden flare around the end part of 2006(AAVSO), even though the brightness of PU Vul appears to go on declining. Thus, the investigation of long-spread-out developments of PU Vul are necessary with further observations.
